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IN THE CT.ATMg ; 

A Flash EEprom system comprising: 
or more integrated circiiit chips each 
having an a^ay of Flash EEprom cells partitioned into 
a plurality W sectors, each sector addressable for 
5 erase such ^at all cells therein are erasable 
simultaneously ; 

means fW selecting a plurality of sectors 
among the one or niore chips for erase operation; and 

means for Simultaneously performing the erase 
10 operation on only th\^ plurality of selected sectors. 

2. A Flash ^Eprom system as in . claim 1, 

including 

read or write operationVxon chips which have been 
enabled by a chip sele^signal, wherein the erase 
5 operation is performed on di^ips without regard to the 
chip select signal. 

3. A Flash EEprom ^stem as in claim 1, 
wherein the erase operation maA be performed on the 
plurality of sector selected for ei^ase operation, while 
read,, write or other operations mayVe performed on any 

5 other device not selected for erase deration. 

4. The Flash EEprom system acd^rding to claim 
1, further comprising; 

means for individually removing any one or 
combination of sectors from the pluralityVf selected 
5 sectors, such that said removed sectors ar^ prevented 
from further erase during the erase operation 



5. The Flash EEprom system according to clad 
1/ further comprising: 

means for simultaneously deselecting /all 

sectors . 

6. The Flash EEprom system accordingXo claim 
1, wherein the selecting means further compr^es: 

individual register associated witl/each sector 
for holding a status to indicate whether Ae sector is 
selected or not. 

7. The Flash EEprom system Zjcording to claim 
6, wherein the simultaneously Erasing .means is 
responsive to the status in ea/ of the individual 
registers, such that only thy^selected sectors are 
included in the erasing. 



8. The Flash EEptom system according to claim 
6, wherein any one or yfeombination of the individual 
registers indicating a/^elected status are individually 
resettable to an un-^lected status. 

9. The Plash EEprom system according to claim 
6, wherein a^i the individual registers are 
simultaneouslv/resettable to a status indicating the 
associated s^tors as not selected. 

A system for correcting errors from 
defecti^^ cells within an array of Flash EEprom cells 
compriying: ' 

substitute cells; 
/ means for substituting one or more of the 
defective cells with a corresponding number of 
Substitute cells. 
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11. A system for correcting errors frosi 
defective cells within an array of Flash EEprom cells^ 
J.n claim lo wherein the substituting means also aeries 
automatically to new defective cells as soon as tZy are 
detected. 

12. A system for correctino/errors from 
defective cells within an array of Flash/^Eprom cells as 
xn claxm lo, said array being petitioned into a 
plurality of Flash erasable sector^uch that all cells 
within each sector are erasable/it once, wherein the 
substitute cells are in the Wsector as the defective 
cells. ""^ 

. 13 . A syste^ for correcting errors from 
defective cells withix/^n array of Flash EEprom cells as 
xn claim ll, furthe^omprising a defect map for storing 
defect pointers X^hich link the addresses of the 
defective cells/^o that of the corresponding substitute 
cells. ^ 



L4. A system for correcting bad data in 
defect^e cells within an array of Flash EEprom cells as 
in ^aim 13, wherein the defect map for said defective 
c^ls are located in the same sector as said defective 
"Sells. 
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15. A system for correcting errors froi 
defective cells within an array of Flash EEprom ce" 
as in Claim lo, said array being partitioned ±i,J^ ^ 
plurality of Flash erasable sectors such that al/cells 
within each sector are erasable at once, whe^in the 
substitute cells are in the same sector as th/defective 
cells when the number of defective cells i6 the sector 
does not exceed a predetermined num^r, and the 
substitute cells are in a different Sector when the 
number is exceeded. 



16. A system for c«i^:recting errors from 
defective cells within an arx^ of Flash EEprom cells 
as xn claim 15, wherein sa|Vsector is replaced in its 
entirety by a substituteyjSector when said number is 
exceeded. 

17. A system for correcting errors from 
defective cells wi^in an array of Flash EEprom cells as 
xn claim 15 wher^n the substituting means also applies 
automatically >few defective cells as soon as they are 
detected. ^ 



18. A system for correcting errors from 
defective cells within an array of Flash EEprom cells as 
ii/claim 17, including the use of error correction 
^odes. 
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19. A system for correcting bad data 
defective cells within an array of Flash EEprom cell/ 
comprising: ^ ' 

substitute cells for storing good data iixt^nded 
for the defective cells; 

means for substituting the bad data/in one or 
more of the defective cells with the good /4ata in the 
corresponding substitute cells when the de^ctive cells 
are accessed. / 

20. A system for correcting bad data in 
defective cells within an array of piash El^prom cells as 
in clain 19, further comprising m4ns for automatically 
saving the good data intended/ to be written to the 
defective cells to the corrj^onding substitute cells, 
thereby perserving the int||rity of the good data. 



21. A syst^ for correcting bad data in 
defective cells with^ an array of Flash EEprom cells as 
m claim 20 wherei/ the substituting means also applies 
automatically to/^iew defective cells as soon as they are 
detected. / 



22/. A system for correcting bad data in 
defectiv^cells within an array of Flash EEprom cells as 
in cla;i^ 20, said array being partitioned into a 
plura^ty of Flash erasable sectors such that all cells 
witt^^n each sector are erasable at once, and data is 
s^red therein, wherein the substituting means applies 
^Tfter the data including the bad data has been accessed. 
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23. A system for correcting bad data in- 
defective cells within an array of Flash EEprom cells Z 
xn Claim 20, said array being partitioned int/ a 
plurality of Flash erasable sectors such that all2ells 
wxthin each sector are erasable at once, wherein the 
substitute cells are in the same sector as the Zfective 
cells. 



24. A system for correcting bad data in 
defective cells within an array of Fl^h EEprom cells as 
m claxm 20, further comprising a de^ct map for storing 
defect pointers which link th/ addresses of the 
defective cells to that of the c^responding substitute 
cells. / 

25. A system JHbr correcting bad data in 
defective cells within an4rray of Flash EEprom cells as 
xn claim 24, wherein th4 defect map for said defective 
cells are located in Ae same sector as said defective 
cells. ^ 



26. A/system for correcting bad data in 
defective cell/ within an array of Flash EEprom cells as 
xn claim i^ said array being partitioned into a 
plurality Flash erasable sectors such that all cells 
within e/ch sector are erasable at once, wherein the 
substitute cells are in the same sector as the defective 
cells/When the number of defective cells in the sector 
doe^ not exceed a predetermined number, and the 
sujSstitute cells are in a different sector when the 
lumber is exceeded. 
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27. A system for correcting bad data ii 
defective cells within an array of Flash EEprom cells As 
in claim 26, wherein said sector is replaced in /its 
entirety by a substitute sector when said numb/r is 
exceeded. 

28. A system for correcting bad/ data in 
defective cells within an array of Flash EEnj^m cells as 
in claim 26, wherein the substituting means/also applies 
automatically to newly occurring defective cells. 

29. A system for correcting bad data in 
defective cells within an array of FZf^sh EEprom cells as 
in claim 28, including use of err/r correction codes. 
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30. An improved sya|tem for writing data files 
into a Flash EEprom memory ycomprising: 

a cache memory /or temporarily storing data 
files intended for the E>lash EEprom memory, said cache 
memory able to underc^/ significantly more write/erase 
cycles than the Flashr EEprom memory; 

means reso/dnsive to a system write to the Flash 
EEprom memory foi/ writing data files into the cache 
memory instead oT the Flash EEprom memory; 

means/ for identifying each data file in the 
cache memory/ 

meAns for determining the time since each data 
file was Vast written; and 

means for first moving data file having the 
longes;/ time since last written from the cache memory to 
the^ash EEprom memory when additional space for new 
files is required in the cache memory, thereby 
jstantially reducing the number of actual writes and 
fssociated stress to the Flash EEprom memory. 



dati 
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31. The improved system as in claim 30y 
further comprising: 

a backup non-volatile memory for downlo^ing 
the data files in the cache memory thereto; and 

means responsive to an impending powerXoss for 
down loading the data files in the cache mejftbry to the 
backup memory, therfeby saving the data tples from the 
possibly volatile cache memory. 

32. The improved system/ as in claim 30, 
wherein the backup memory is par^of the Flash EEprom 
memory . 

33. The improved/f system as in claim 30, 
wherein the cache memory/hlas a significantly faster 
access time than that o^he Flash EEprom memory. 

34. The yfmproved system as in claim 30, 
including a contro3Qer circuit chip for controlling the 
operations of the Flash EEprom memory, wherein the 
improved syst^is part of the controller circuit chip. 



35. The improved system as in claim 30, 
inclWng a microprocessor system and random access 
meWy, wherein the improved system is implemented by 
-tware in the microprocessor system with random access 
Seraory. 
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36. An improved system for writing data files' 
into a Flash EEprom memory comprising: / 

a cache memory for temporarily storing d^ta 
files intended for the Flash EEprom memory, said yfcache 
memory able to undergo significantly more writ^erase 
cycles than the Flash EEprom memory; / 

means responsive to a system write toM:he Flash 
EEprom memory for writing data files int</ the cache 
memory instead of the Flash EEprom memory/ 

a tag memory for storing the identity of data 
files and the time each data file was l4st written; and 

means for first moving dat^ file having the 
longest time since last written from/the cache memory to 
the Flash EEprom memory when additional space for new 
data files is required in the /cache memory, thereby 
substantially reducing the ra^&r of actual writes and 
associated stress to the Fla^ EEprom memory. 

37. The impE6ved system as in claim 36, 
further comprising: / 

a backup no^^volatile memory for downloading 
the data files in tpe cache memory thereto; and 

means xesponsive to an impending power loss for 
dovrn loading the/data files in the cache memory to the 
backup memory j/thereby saving the data files from the 
possibly volatile cache memory. 

3^. The improved system as in claim 36, 
wherein /he backup memory is part of the Flash EEprom 
memory / 

/ 39. The improved system as in claim 36, 
wh4rein the cache memory has a significantly faster 
/ccess time than that of the Flash EEprom memory. 
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40. The improved system as in claim 
including a controller circuit chip for control lingy6ie 
operations of the Flash EEprom memory, whereir/^ the 
improved system is part of the controller circui^t chip. 

41. The improved system as in /claim 36, 
including a microprocessor system and r^dom access 
memory, wherein the improved system is implemented by 
software in the microprocessor system vyth. random access 
memory . 
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42. An improved system £6r writing data files 
into a Flash EEprom memory comprising: 

a cache memory forjWemporarily storing data 
files intended for the Flashf^Eprom memory, said cache 
memory able to undergo si^ificantly more write/erase 
cycles than the Flash EEprom memory; 

means responsible to a system write to the Flash 
EEprom memory for wr^ing a data file either into the 
Flash EEprom memory/or instead into the cache memory, 
said responsive m^ns writing to the Plash EEprom when 
the a previous c/py of said data file is not present in 
the cache memoa^y, and writing to the cache memory when 
a previous ofopy of said data file is present in the 
cache memory; and 

heans for first moving data files having the 
longest/times since last written from the cache memory 
to th^ Flash EEprom memory when additional space for new 
dat^/ files is required in the cache memory, thereby 
suJSstantially reducing the number of actual writes and 
^sociated stress to the Flash EEprom memory. 
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43. The improved system as in claim 42 
further comprising: 

a backup non-volatile memory for downlja^ding 
the data files in the cache memory thereto; ai 

means responsive to an impending pow^ loss for 
down loading the data files in the cache^^(femory to the 
backup memory, thereby saving the dat^/files from the 
possibly volatile cache memory. 



44. The improved A sy&tem as in claim 42, 
wherein the backup memory ip|^art of the Flash EEprom 
mejnory . 



. 45. The impjpbved system for writing data files 
into a Flash EEM^m memory according to claim 42, 
wherein said resffonsive means for writing includes a tag 
memory for st/rxnq the identity of data files and the 
time each d^a file was last written, and wherein said 
responsi^ means writing to the Flash EEprom when said 
data file is hot tagged in the tag memory, and writing 
to cache memory when said data file is tagged in the 
ag memory. 
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46- An improved system for writing data files 
into a Flash EEprom memory comprising: 

a cache memory for temporarily storing dkta 
files intended for the Flash EEprom memory, said /^che 
memory able to undergo significantly more writer/erase 
cycles than the Flash EEprom memory; 

means responsive to a system write to^the Flash 
EEprom memory for writing a data file eith/r into the 
Flash EEprom memory or instead into the iz4che memory, 
said responsive means writing to the Flafeh EEprom when 
said data file is last written after the predetermined 
period of time, and writing to the yCache memory when 
said data file is last written wi^in a predetermined 
period of time; and 
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means for first movii 
longest times since last wrii 
to the Flash EEprom memory whj 

data files is required in/the cache memory, thereby 
substantially reducing th^ number of actual writes and 
associated stress to tho/Flash EEprom memory. 



data files having the 
from the cache memory 
additional space for new 



47, The improved system as in claim 46, 
wherein the cache yfeemory has a significantly faster 
access ±ime than jz^iat of the Flash EEprom memory. 

48. /The improved system as in claim 46, 
including a controller circuit chip for controlling the 
operations /ot the Flash EEprom memory, wherein the 
improved ^^stem is part of the controller circuit chip. 



49. The improved system as in claim 46, 
including a microprocessor system and random access 
memgfry, wherein the improved system is implemented by 
software in the microprocessor system with random access 
flemory . 
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50- An improved system for writing data file^ 
into a Flash EEprom memory comprising: 

a cache memory for temporarily storing etata 
files intended for the Flash EEprom memory, said y^che 
memory able to undergo significantly more wril^erase 
cycles than the Flash EEprom memory; 

a tag memory for storing the identi;6y of data, 
files and the time each data file was last /Written; 

means responsive to a system writ/ to the Flash 
EEprom memory for writing a data file ^ther into the 
Flash EEprom memory or instead into tl<e cache memory, 
..said responsive means writing to the/Flash EEprom when 
the data file is not identified inAe tag memory, and 
writing to the cache memory wh^ the data file is 
identified in the tag memory; 

means for moving the data files having 

the longest times since laa^written from the cache 
memory to the Flash EEprom ofemory when additional space 
for new data files is r^ired in the cache memory, 
thereby substantially rfeducing the number of actual 
writes and associated stress to the Flash EEprom memory. 



51. Th4 improved system as in claim 50, 
fur-ther comprisi/hg: 

a backup non-volatile memory for downloading 
the data filefe in the cache memory thereto; and 

means responsive to an impending power loss for 
down load^g the data files in the cache memory to the 
backup m4mory, thereby saving the data files from the 
possib;!^ volatile cache memory. 



52. The improved system as in claim 50, 
whferein the backup memory is part of the Flash EEprom 
ftemory . 
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53. The improved system as in claim 5a< 
wherein the cache memory has a significantly f^(^x 
access time than that of the Flash EEprom memj 

54. The improved system as^ in claim 50, 
including a controller circuit chipx^^ controlling the 
operations of the Flash EE^crtfT memory, wherein the 
improved system is part of >«i'controller circuit chip. 



55. ^^;pire improved system as in claim 50, 
including a^^croprocessor system and random access 
memory^^^^rein the improved system is implemented by 
softj*^e in the microprocessor system with random access 
jp^mory . 
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56. A memory card adapted to plu^ into a 
computer system in a manner to communicate wit/ a system 
bus and a standard power supply, comprising the 
following mounted thereon: 

a plurality of EEprom integratedy^ircuit chips, 
each of said chips including: 

a large number of individCially addressable 
storage cells organized iB^to a plurality of 
sectors, each sector cont^ning a plurality of 
said storage cells, 

a plurality of s^re storage cells within 
any of said sectors 

means responsive t/signals on said system bus 
for erasing all cells in ofie or more designated sectors 
without erasing cells i/ others/<5r^id sectors, 

means response to sf^nals/on said system bus 
for reading the s tat/ of addressed ^^s^rage cells, 

means resjfonsive to Signals ^said system bus 
for programminc/ addresse(jj/ stor^ge-^ cells to a 
predetermined state, and 

mean6 responsive to an unsuccessful attempt to 
either prog/am or erase a storage cell within one of 
said sect^s for substituting one of said spare storage 
cells therefore while maintaining operation of the 
remain^^g cells of said sector. 
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57. The memory card accordinCT to claim 56 
which additionally comprises a cache mei«4ry mounted on 
said card, and wherein said programming/m^ns includes 
means for initially programming said cacAe4emory rather 
than said EEprom memory, said readingf/4eans includes 
means for initially determining whetherAhe cache memory 
contains data to be read, and said /rogramming means 
additionally includes means responaivJ to said cache 
memory becoming full for writing itsAl/est unused block 
of data into said EEprom memory, t^^eby to make room 
for new data in said cache memory. 



58. The memory card a^/in claim 56, vherein 
each of said chips further incites a plurality of spare 
sectors, and wherein said /substituting means also 
substitutes one of said spafe sectors for one of said 
sectors when a predetermine number ofy<^s in said one 
of said sector become de/ective. 



59. 

means for 
correction codes. 



The memory card as 
performipig error 




8, including 
using error 



60. TiTe memory card as in claim 56, including 
a controller aAd an interface connected to the system 
bus, said controller being adapted to be responsive to 
commands intended folr a standard magnetic disk drive 
storage sys/t^m connectable to the computer system, 
thereby emjAlating said disk drive system. 
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61. The memory card as in claiaTse, in which 
various operating voltages are required for various 
operations of the EEprom chips, i^iuding means for 
generating the various operat^ voltages from the 
standard power supply. 
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62 . A storage sy&tem incorporating therein the 
memory card of claim comprising^? 

a controll/at for cont^dll/hg the operation of 
the EEprom chips; 

means^r generating voltagei for the operation 
of the EEprcafi chips ; ^ 

fffeans for error correction in the operation of 
the s-toe^ge system ; and 

means for interfacing the storage system to a 
CQitrputer system. 




